In Northern Thailand, wildland fires during the cold period release large amounts of smoke and fine particles into the atmosphere. The fine particles include several persistent organic compounds such as PAHs. In this study, PM 2.5 -bound PAH concentrations in the air of nine administrative provinces, namely Chiang-Mai, Chiang-Rai, Nan, Phayao, Mae Hong Son, Phrae, Lampang, Lamphun, Uttaradit (northern Thailand), were determined during the wildland fire and non-wildland fire seasons. The monitoring strategy comprised two campaigns in each season. PM 2.5 was collected using MiniVolTM portable air samplers (Airmetrics) with quartz fibre filters. Both PAHs and their B[a]P equivalent concentrations of other urban cities around the world were significantly higher than those of northern provinces for both seasons. The average cancer risks observed at nine administrative provinces were 8.52510 , respectively. The excess cancer risks of world cities for ingestion rate of 50 and 100 mg day -1 were much higher than those of northern Thailand for 851 and 567 times in that order. Dust ingestion was exceedingly critical to non-dietary PAH exposure in comparison with PM 2.5 inhalation. These results are in good agreement with those of previous studies, underlining the significance of indoor air quality on long-term adverse respiratory diseases in Asian cities.
In Northern Thailand, wildland fires during the cold period release large amounts of smoke and fine particles into the atmosphere. The fine particles include several persistent organic compounds such as PAHs. In this study, PM 2.5 -bound PAH concentrations in the air of nine administrative provinces, namely Chiang-Mai, Chiang-Rai, Nan, Phayao, Mae Hong Son, Phrae, Lampang, Lamphun, Uttaradit (northern Thailand), were determined during the wildland fire and non-wildland fire seasons. The monitoring strategy comprised two campaigns in each season. PM 2.5 was collected using MiniVolTM portable air samplers (Airmetrics) with quartz fibre filters. Both PAHs and their B[a]P equivalent concentrations of other urban cities around the world were significantly higher than those of northern provinces for both seasons. The average cancer risks observed at nine administrative provinces were 8.52510 -4 3.49310 -3 and 2.55810 -3 6. 986 10 -3 for ingestion rate of 50 and 100 mg day -1
Introduction
The environmental fate of particle bounded polycyclic aromatic hydrocarbons (PAHs) has been comprehensively examined during the past few years [1] [2] [3] [4] [5] . PAHs are a group of aromatic rings that are formed during the imperfect combustion of agricultural waste, domestic garbage, biomass, lignite, and volcanic eruption [6] [7] [8] [9] [10] [11] . Since PAHs responsible for many adverse health effects such as cancer, endocrine disruption, reproductive and developmental effects, several studies have been focusing on the fate and behavior of PM 2.5 -bound PAH concentrations in many cities around the world [12] [13] [14] . Despite numerous researches focusing on the atmospheric concentrations of PAHs in many cities, the impacts of agricultural waste burnings on fluctuations of PAH contents are not yet well studied.
Previous reports seem to concentrate on the air pollution problems triggered by wildland fires, accidental biomass burnings, and agricultural waste combustions connected with transboundary haze pollution from Laos, Myanmar, and Thailand [15] [16] [17] [18] . As a result, it is crucial to pay more attentions on human exposure risk to PM2.5-bound PAHs, and thus to conduct ecological risk assessment. To the extent of our knowledge, there have been no studies focusing on neither chemical analysis nor ecological risk assessment of PM 2.5 -bound PAHs in nine administrative northern provinces of Thailand. Overall, the major aims of this research are to evaluate the atmospheric contents of particulate PAHs before and after the haze episode and to conduct the ecological risk assessment of PM 2.5 -bound PAHs at nine administrative provinces in northern part of Thailand. N-7041 Trondheim, Norway) and used for this study. The exceptionally low concentrations of PAHs in PM 2.5 need their pre-concentration through Soxhlet extraction and fractionization prior to their quantitative analysis on a gas chromatograph coupled to a mass spectrometer (Shimadzu GCMS-QP2010 Ultra system with 60 m length × 0.25 mm i.d. capillary column of Agilent JW Scientific DB-5 GC columns). The analytical procedure used in this study and relevant information has been explained in previous publications [19] [20] [21] .
Analysis of PAHs

Results and discussion
PM2.5-bounded PAHs
The average mass concentrations of particulate PAHs (pPAHs, reported in pg m −3 ) of PM 2.5 samples collected at NNP-I (i.e. the average values of CROS, PYOS, NPOS, LMOS, PHOS, UTOS, MHOS, CMOS, and LPOS before the haze episode), at NNP-II (i.e. the average values of CROS, PYOS, NPOS, LMOS, PHOS, UTOS, MHOS, CMOS, and LPOS after the haze episode) and at world cities (WCs) are given in Table 1 , in terms of their mean values with the corresponding standard deviations. ) were significantly (p < 0.05) much higher than those of samples collected at NNP-I and NNP-II (Table 1) .
It is obvious that the measured PAH congeners in the present study fell within relatively low range, in comparison with other studies around the world (Table 2) . Several factors such as unique tropical wet and dry climate (Köppen Aw) characterized by hot and rainy weather coupled with low industrial emission sources of northern provinces might have influenced the comparatively low PAH contents observed in NNP-I and NNP-II. While using the 3,4-rings PAHs level at NNP-I as the background level, the magnitude of 3,4-rings PAHs at the WCs increased by factors of 7.6, and that of B[a]PNisbet-Lagoy, B[a]P US-EPA , and B[a]P Cecinato were roughly enhanced by factors of 105, 66, and 53, respectively. Previous studies have indicated that vehicular traffic was the main sources of PM 2.5 bounded PAHs in urban cities (Martellini et al. [25] , Slezakova et al. [26, 27] ). These findings underline the prominence of traffic emissions as the main contributors of PM 2.5 bounded PAHs, and it might have been exceeded numerous emission sources involving wild land fire and biomass burnings. As there were no significant differences detected at NNP-I and NNP-II (Table 1) , it seems plausible to mention that the wild land fire episode plays a minor role on variations of PM 2.5 bounded PAHs in nine administrative provinces of Northern Thailand.
Ecological health risk assessment 4 Conclusions
In this study, PAHs analysis in PM 2.5 collected in nine administrative provinces of Northern Thailand from December 2012 to March 2013 did not show any significant differences between wildland fire and non-wildland fire seasons. These findings underline the influences of traffic emissions as regular contributors of PM 2.5 -bound PAHs. While the excess cancer risks of PM 2.5 -bound PAHs in In this study, non-dietary exposure is defined as human exposure to PM 2.5 bounded PAHs via both household air and dust. ) and the Canadian maximum acceptable level of risk (110 -5 ). The current study indicates there is some concerns on adverse health impact related with PM 2.5 bounded PAHs exposure for preschool children via nondietary exposure in home environment.
The highest average values of TEQ daily exposure doses via house dust (M PDI-ingestion ; ng day ), WCs-M-PDI-inhalation-Nisbet-Lagoy shows the highest values for both adults and children with the values of 147176 and 735881 ng day -1 , in that order (Table 4) . Since the values of M PDI-ingestion were two to three orders of magnitude exceed those of M PDI-inhalation , it would be safe to assume that dust ingestion was extremely crucial to non-dietary PAH exposure in comparison with PM 2.5 inhalation. These findings in NNP are consistent with those of Guangzhou, highlighting the importance of indoor air quality on long-term adverse respiratory diseases in Asian cities. ). ). , which was higher than the Canadian maximum acceptable level of risk (110 -5 ) and other previous occupation exposure studies. There were also some concerns associated with PM 2.5 bounded PAHs exposure for preschool children via non-dietary exposure in home environment. The cancer risk exposure through inhalation appeared to play a minor role, whilst the direct ingestion contributed greatly on children as a consequence of their hand-to-mouth activity, indicating this route of exposure should not be underestimated.
NNP-
